Pancreatic tumours are usually very aggressive cancer with a poor prognosis.
INTRODUCTION
The diagnosis of pancreatic cancer (PC) is still a troubled issue. Patients often present with nonspecific symptoms, which contribute to delay in correct diagnosis. A limitation of pancreatic imaging technique is that lesions are often of ambiguous relevance: a high-grade mass could be indistinguishable from a chronic pancreatitis (CP) or from a benign pancreatic cyst. The definitive diagnosis based on cytological evaluation of specimens obtained by endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) might be sometimes inconclusive due to, for example, sampling error, paucicellular samples or coexisting inflammation. The inability to achieve a cytological diagnosis might lead to delay in clinical management. 1 2 For these reasons, many studies have been performed in order to identify specific markers that could support the diagnosis of pancreatic lesions as the most aggressive pancreatic ductal adenocarcinoma (PDAC), PDAC precursor lesions (eg, intraductal papillary mucinous neoplasia (IPMN)), pancreatic intraepithelial neoplasia (PanIN) or mucinous cystic neoplasms (MCNs)). 1 Several molecular markers altered in pancreatic lesions have been described. For example, mutations in KRAS or TP53 genes have been reported in 95% and 70% of PDACs, respectively. KRAS mutations have also been reported in 50% of IPMN, MCN and PanIN-1 cases, suggesting that it could be an early event in malignant transformation. [2] [3] [4] [5] Also, the inactivation of CDKN2A/p16 or SMAD4/ DPC4 genes are frequent molecular alterations in PDAC. 1 2 An intermediate event in pancreatic carcinogenesis could be represented by the inactivation of CDKN2A/p16, found in PanIN-2 and IPMN. [2] [3] [4] [5] The inactivation of TP53, SMAD4/DPC4 and BRCA2 is reported in PanIN-3 cases and hypothesised as late molecular events in tumour progression. [2] [3] [4] [5] In spite of interesting findings, to date there are no molecular markers that allow us to characterise and diagnose each pancreatic lesion with high specificity and sensitivity. MicroRNAs (miRNA) are small (19-25 nucleotides) non-coding RNA molecules that negatively regulate gene expression by degrading or suppressing the protein translations of mRNA targets. Due to their key role in the regulation of gene expression, in the last years, expression, quantification and their functional role had been deeply investigated to understand their involvement in cellular processes. It is now established that each tissue harbour a characteristic miRNAs expression pattern that could be modified in association with a number of different diseases, including neoplastic transformation. [6] [7] [8] [9] For these characteristics and for their resistance to nucleic acid degradation, miRNAs could represent intriguing cancer biomarkers. Several studies have been conducted in order to characterise miRNA expression in pancreatic lesions. 10 The highest number of these works were focused on PDAC, while less studies investigated miRNA expression in cystic lesions and other pancreatic diseases, such as solid-pseudopapillary tumours of the pancreas (SPPTs) or pancreatic neuroendocrine tumours (PanNETs).
Beyond the specific characterisation of each pancreatic diseases, the crucial issue for clinical management might be the identification of specific circulating miRNAs (eg, in blood, serum, plasma, pancreatic fluid, bile) that could be used for early diagnosis of pancreatic lesion.
The aim of this review is to report about miRNA expression in pancreatic tumours and, in particularly, focus the attention on specific circulating miRNAs that could be used for early characterisation of pancreatic lesions.
STARTING MATERIAL AND TECHNIQUES Starting material
Material for analysis of molecular biomarkers could be obtained directly from the investigated pancreatic lesion or it could be extracted from extralesional material (eg, plasma, sera, pancreatic juice) (table 1).
Lesional material (fresh/frozen and FFPE specimens)
Surgical resection remains the only potentially curative treatment for pancreatic adenocarcinoma, but it is associated with a high rate of complications, morbidity and mortality. 11 The limitation of 'fresh' pancreatic tissue for analysing miRNAs as biomarkers is an extremely invasive procedure for collecting material. In fact, if, on the one hand, fresh/frozen (non-formalin fixed) specimens allow us to obtain a good amount of smallRNA (sRNA) for miRNA analysis, on the other hand, their availability from surgical samples is limited, considering that the material for diagnostic evaluation needs to be preserved. For this reason, the analysis of miRNAs starting from formalin-fixed paraffin-embedded (FFPE) specimens could provide a greater amount of material for research purposes (see below). Different studies were performed for analysing miRNA expression starting from fresh/frozen pancreatic tissue resected for pancreatic lesions. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Another frequent 'non-formalin fixed' starting material is represented by pancreatic cytological specimens, obtained with EUS-FNA. 25 In a paper by Hong and Park, 26 the authors demonstrated the feasibility of performing miRNA analysis on specimens obtained using FNA. Szafranska et al 27 reported that miRNA analysis from fresh FNA biopsy samples differentiated malignant from benign PC tissue. The analysis of cystic mass usually is based on the evaluation of cystic liquid. Specific miRNAs identified in cysts fluid could aid in diagnosis and surgical treatment decisions for patients with pancreatic cystic lesions. 28 Other studies have analysed cystic fluid to identify potential biomarkers for the classification of cystic lesions 29 or to distinguish between benign and premalignant or malignant pancreatic lesions. 30 31 Starting from FFPE samples might be of great use for miRNA expression studies. Due to their short length, the mature miRNAs seem not to be influenced by nucleic acid degradation caused by formalin fixation, 32 as happened on the contrary for long RNA or DNA. Several papers reported the feasibility of miRNA expression from FFPE specimens in different tissues as kidney, 33 prostate, 34 35 breast 36 and brain. 37 Also for pancreatic lesions, several papers have analysed miRNA expression profile in FFPE specimens compared with non-neoplastic or benign tissue, obtaining robust and reliable results. 28 30 38-58 'Extralesional' material For cytological evaluation of pancreatic lesions, pancreatic juice could be used. 59 60 The identification of molecules, such as miRNAs or proteins, in pancreatic juice might be useful for early detection of pancreatic lesions. For this reason, some studies have investigated the expression profile of pancreatic juice in pancreatic lesions compared with that of CP and healthy controls. 19 31 53 61 62 Considering that patients with PDAC usually present with bile duct obstruction, Cote et al 61 looked for miRNAs also in bile of patients with PDAC. According to Yang et al, 19 most of the body fluid used for investigating biomarker analysis suffered from significant limitations such as lack of methodological standardisation and quality control. Therefore, they proposed miRNA expression analysis in stool as stable, non-invasive and high-sensitivity/high-specificity screening test for pancreatic lesions. It should be also considered that selection of miRNAs to analyse in body fluid (eg, bile or plasma) on the basis of their expression in pancreatic tumoral tissue may not reflect the real 'circulating miRNA profile'. 63 In fact, it has been observed that several miRNAs may have different expression profiles in tissue and body fluid. 21 To avoid 'selection bias', it should be preferable using a discovery microarray assay to profile miRNAs in body fluid, as previously suggested by Le Large and colleagues. 63 The identification of circulating markers for early diagnosis and classification could be very useful in the management of pancreatic lesions, and miRNAs could represent a very promising molecular target. MiRNAs are very stable in blood because they are bound with Argonaute protein, a molecule that protects them from RNase degradation. 64 65 Different studies report the presence of deregulated miRNAs in whole blood of patients with pancreatic lesions with the potential to discriminate patients with PC from healthy control, patients with pancreatitis or suspected of having PC. 21 66 It has been reported that patients with cancer (or subjects with a high risk of developing cancer) have alteration of normal epigenetics mechanisms in their peripheral blood mononuclear cells (PBMCs). 60 For this reason, two papers focused their studies on circulating (PBMCs) expression of miRNA. 67 68 To avoid miRNA 'contamination' due to blood cells, several other studies looked for miRNA profile not in whole blood but in serum and plasma of patients with pancreatic lesions. 61 
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Techniques
Analysis of miRNAs with high specificity and sensitivity is technically challenging as mature miRNAs are short molecules, differ (table 1) .
qRT-PCR
The most frequent method used for assessing miRNA expression is qRT-PCR. 12 
Next-generation sequencing
Deep sequencing strategies allow us to analyse thousands of sequences in parallel from a given sample and could highlight both miRNAs present in few copies and discover novel miRNAs without the limitation of microarray probe selection. This approach in pancreatic lesions has been performed by two studies that investigated miRNA expression profiles in serum of 25 patients with PC compared with 25 healthy controls 74 or in PBMCs in a large cohort of 352 participants. 68 
In situ hybridisation
A limitation of the previously described techniques is that they are based on extracted sRNA and then do not provide information regarding the cell type present in the sample and the specific site of expression of a particular miRNA. Thus, the use of a combined ISH/immunohistochemistry assay enables rapid and direct evaluation of changes of miRNA expression within the suspicious cells. In situ techniques are used either as main assay for evaluating miRNA expression in pancreatic lesions visualised at cellular/subcellular level 52 57 68 or to confirm results obtained by qRT-PCR or high-throughput technique (eg, miRNA microarray or real-time array). 30 41 43 MIRNAS DEREGULATED IN SOLID LESIONS Pancreatic ductal adenocarcinoma PDAC is a highly lethal neoplasia. Most PDAC cases are diagnosed too late when surgical resection cannot be performed for the advanced stage of the lesion, often characterised by vascular dissemination and lymph node involvement. Both the lack of early symptoms and not specific late symptoms contribute to delay the correct diagnosis. 27 82 New biomarkers are clinically necessary in PDAC management to help the diagnosis, guide therapeutic options, discriminate PDAC from other pancreatic lesions (eg, CP) and monitor relapse after treatment.
miRNAs, for their stability and tissue specificity expression, are appealing biomarkers useful to characterise neoplasias and to create specific diagnostic panels. In the last years, different research approaches have studied miRNA expression profiling of PDAC, starting from fresh/frozen and FFPE tissues with the aim to describe the biological aspect of neoplasia, or starting from blood/serum or other body fluids with the aim to identify suitable markers for early diagnosis.
High-throughput analysis based on microarray or nextgeneration sequencing or targeted approaches through RT-PCR technique identified miRNA signatures that were able to precisely classify tumours and differentiate PDAC from normal pancreas and pancreatitis.
Profiling studies
In table 2, miRNA profiling studies performed on PDAC tissues are reported. In many miRNA PDAC profiling studies, researchers enrolled both normal pancreatic samples and CP specimens as control. CP could mimic a pancreatic tumour, morphologically and clinically, sharing many differentially expressed proteins or miRNAs. For this reason, it is clinically relevant adopting markers could specifically discriminate CP from a more aggressive lesion like PDAC. 83 In the work by Bloomston et al, 39 the authors have analysed 65 FFPE paired cases of PDAC and normal pancreatic tissues and identified 21 miRNAs upregulated and 4 miRNAs downregulated in PDAC. Evaluating miRNA expression in 42 cases of CP, they found 15 miRNAs upregulated (miR-96, miR-221, miR-34, miR-497, miR-203, miR-155, miR-181a, miR-453, miR-92, miR-181b, miR-181d, miR-93, miR-181b-1, miR-21 and miR-181c) and 8 miRNAs downregulated (miR-494, miR-483, miR-339, miR-218, miR-148a, miR-375, miR-409 and miR-148b). Expression of all these miRNAs allowed to differentiate PC from CP with 93% accuracy. 39 22 Bloomston et al demonstrated, using miRNA microarray, that upregulation of miR-155, miR-181a, miR-181b, miR-181b-1, miR-181c, miR-181d, miR-21 and miR-221, as well as downregulation of miR-148a, mir-148b and miR-375, could specifically distinguish PDAC from normal pancreas and pancreatitis samples. On the other hand, Szafranska et al, 22 using the same high-throughput approach (miRNA microarray), concluded that miR-196a, miR-196b, miR-203, miR-210, miR-222, miR-216, miR-217 and miR-375 were misregulated only in PDAC samples and not in CP or healthy subjects. Interestingly, nevertheless in both papers the same technique has been used, only one miRNA (miR-375) has been observed deregulated (downregulated) in PDAC in the two studies. These data show that it is not easy to obtain consistent results in miRNA analysis also using the same molecular methods.
In a subsequent work performed on frozen samples using a targeted miRNA approach, Szafranska et al 27 observed as upregulated miR-196a, miR-155, miR-143, miR-145, miR-223, miR-31 and miR-96, miR-130b, miR-148a, miR-217 and miR-375 as downregulated specifically in PDAC samples compared with normal pancreatic tissues and CP. According to the obtained results, the authors hypothesised using a 2-miRNA classifier (miR-196a and miR-217), whose expression levels could discriminate PDAC from normal pancreas and CP, suggesting a fast and easy miRNA assay for early discrimination of PDAC. 27 The upregulation of miR-196a observed by Szafranska et al 27 was detected also by Zhang and colleagues analysing 95 miRNAs in 10 PC cell lines and 17 pairs of PC/normal tissues. 20 In the present paper, the authors also report the upregulation of other seven miRNAs (miR-15b, miR-95, miR-186, miR-190, miR-200b and miR-221/222). 20 Other papers reported miRNAs deregulated in PDAC specimens. For example, the screening of miRNA expression in 56 microdissected PDAC cases identified as upregulated miR-155, miR-203, miR-210 and miR-222 and downregulated miR-216 and miR-217. 12 A paper by Hong and Park 26 reported the upregulation of miR-21, miR-27a, miR-146a, miR-200a and miR-196a from fresh surgical specimens. In the same work, they confirmed the lower expression in PDAC samples of miR-217 together with miR-20a and miR-96. 26 Lee et al 13 identified several miRNAs upregulated or downregulated in pancreatic carcinoma compared with normal tissue, most of them reported also by Bloomston et al:
39 miR-221, miR-181a and miR-181c, miR-155 and miR-21 were upregulated, whereas miR-375 was downregulated. 13 In addition, they indicated an upregulation of miR-100, in accordance with results of Panarelli et al. 49 In the latter paper, the authors also observed the upregulation of miR-21, miR-221, miR-155 and miR-181b in PDAC samples relative to normal pancreas and an upregulation of miR-21, miR-221, miR-155 and miR-181b in PDAC also if compared to IPMN. 49 Xue et al measured the expression levels of miR-148a, miR-217, miR-21, miR-196a and miR-10b in PDAC towards benign pancreatic parenchyma and CP. In this work, miR-21 and miR-196a were significantly upregulated, while miR-148a and miR-217 expression levels were downregulated in PDAC. 55 While the profiling studies cited earlier were performed on PDAC tissues or cell line, other works reported in table 3 were based on miRNA detection in blood, serum, plasma, bile, pancreatic juice or stool. The main aim of these studies was to discover potential PDAC biomarkers in body fluids to set-up a specific miRNA panel that could be applied as early diagnostic test. These papers will be deeply discussed in the section 'miRNA in early detection of pancreatic lesions'.
Briefly, two studies identified miRNA signature in PDAC compared with CP and normal specimens. 61 78 According to these studies, the analysis of five miRNAs (miR-10b, miR-106b, miR-30c, miR-155 and miR-212) 61 or the expression of only ) is sufficient to discriminate PDAC from CP and controls. Some of the miRNAs (miR-181a, miR-181b, miR-221 and miR-222) observed deregulated in PDAC tissues 12 13 20 22-24 39 49 50 were instead not detected as deregulated in sera of subjects with PDAC. 78 The upregulation in serum of two miRNAs (miR-155 and miR-196a) upregulated in PDAC tissues 12 13 20 22-24 26 27 39 49 50 could discriminate sick pancreas (PDAC and CP) from healthy controls but were not able to discriminate PDAC from CP. 78 PDAC miRNA signature panel According to the above-reported studies, we tried to identify a miRNA signature panel for PDAC (table 4) .
Considering miRNAs found significantly deregulated in at least three studies, in this hypothetical panel, the upregulated PDAC miRNAs would be the following: miR-21, miR-24, miR-27a, miR-100, miR-143, miR-145, miR-146, miR-155, miR-181a, miR-181b, miR-196a, miR-210, miR-221, miR-222 and miR-223. In the same theoretical panel, the downregulated miRNAs would be the following: miR-148a, miR-216, miR-217 and miR-375.
All these miRNAs were reported as deregulated in PDAC also in the meta-analysis by Ma and colleagues. 84 In this study, the authors performed an extensive literature search for studies comparing non-tumoral pancreatic specimens to PDAC using microarray techniques and have reported the miRNAs observed deregulated in at least two studies. As previously described by Frampton et al, 85 using a robust rank aggregation methods Ma and colleagues detected that 10 miRNAs are significantly deregulated in PDAC in comparison to normal controls (miR-21, miR-23a, miR-31, miR-100, miR-143, miR-155 and miR-221 were upregulated; miR-148a, miR-217 and miR-375 were downregulated). 84 85 It should be considered that deregulation of miR196a, miR-148a and miR-217 seems to be not specific for PDAC: in fact, Xue and colleagues detected these miRNAs deregulated also in PanIN II-III compared with the normal pancreatic parenchyma. Moreover, miR-145 and miR-146, usually upregulated in PDAC, 23 24 26 27 58 were detected as downregulated in one paper by Papacostantinou and colleagues. 50 Upregulation of miR-21, which seems to be specific of PDAC, 13 23 26 39 49 50 has been hypothesised as an early event during malignant transformation from normal pancreatic tissue. 45 Interestingly, the authors observed miR-21 downregulated in PDAC if compared to pancreatic benign cystic tumours, like serous microcystic adenoma. 45 
Prognostic miRNAs in PDAC
We further investigate whether some of the above-reported miRNAs have been correlated in literature with prognosis of PDAC. For example, expression analysis of miR-196a, found to be upregulated in PDAC, 20 22 26 27 49 55 allowed to distinguish long-term PDAC from short-term ones. 39 Moreover, miR-196a has been indicated as a potential marker of poor prognosis and for clinical management in laparotomy decision (see the section 'miRNA in early detection of pancreatic lesions'). 78 Profiling study, performed in 48 fresh/frozen PDAC samples, identified that poor prognosis PDAC was significantly associated with low expression of miR-29c, miR-30d, miR-34a and/or high expression of miR-21, miR-221 and miR-224. 23 The authors reported that the expression levels of miR-21 and miR-146a were correlated with tumour stage, grade and lymph node status. 23 The prognostic role of miR-21 was highlighted also by Papaconstantinou et al: in a cohort of 88 FFPE PDAC samples, the higher expression levels of miR-21 and miR-155 were associated with tumour stage and poor prognosis. 50 Differently to what was observed by Jamieson and Papaconstantinou, Dillhoff et al, using an ISH technique, showed that high levels of miR-21 were not associated with tumour size, grade, differentiation or lymph node implication. However, considering a subgroup of patients with node-negative disease, high levels of miR-21 were correlated with poor prognosis (ie, shorter survival). 57 The poor predictive values of miR-155, 50 together with miR-210 and miR-222, were reported also by Greither et al. 12 These authors have observed that the higher expression of these three miRNAs was associated with an increased risk of tumour-related death. 12 In accordance with those reported by Jamieson et al, 23 Kawaguchi et al 71 showed that high plasma miR-221 concentration could be a diagnostic and prognostic PDAC marker. They demonstrated its association with a poorer outcome, characterised by unresectable status and the presence of distant metastasis. 71 Prognostic role of some of these miRNAs (ie, miR-21, miR-155, miR-196a, miR-222 and miR-34a) has been deeply illustrated by Frampton et al 86 in a systematic review and meta-analysis focused on the impact of miRNAs on overall survival (OS) and disease-free survival in PDAC. In this study, the authors estimated the HR per each investigated miRNAs and concluded that miR-21 is a strong predictor of OS in resected PDAC (HR 2.72). The other miRNAs deregulated in PDAC with prognostic significance were miR-155 (upregulated, HR 2.08), miR-203 (upregulated, HR 2.30) and miR-34 (downregulated, HR 4.27). 86 
Solid pseudopapillary and neuroendocrine tumours
SPPTs are rare, accounting for 1-2% of exocrine pancreatic neoplasia. 87 Differently from PDAC, alterations in KRAS, TP53, CDKN2A and SMAD4 genes have not been reported in SPPT, while they usually harbour somatic mutation in CTNNB1 gene (encoding for β-catenin protein). To date, miRNA expression in SPPT has been investigated by only few papers. In a study by Park et al, performed on 14 SPPTs, 49 miRNAs were upregulated and 30 downregulated. These miRNAs specifically distinguish pancreatic SPPT from PDAC or NETs. 16 Six miRNAs (miR-429, miR-7-5p, miR200b-3p, miR-192-3p, miR200b-5p and miR-200a-3p) were downregulated in SPPT but their expression was increased in PDAC and/or NET. 16 According to the authors, the miR-200bc/429, miR-192/215 and miR-141/ 200a families contribute to upregulating Wnt/β-catenin, Hedgehog and androgen receptor pathway gene expression in pancreatic SPPT. 16 Another study on SPPT reported that miR-21, previously described as upregulated in PDAC (see section 'Pancreatic ductal adenocarcinoma'), is upregulated also in SPPT compared with serous cystoadenoma. 28 PanNETs may occur sporadically or as part of multiple endocrine neoplasia type 1 syndrome. The malignant potential among PanNETs varies greatly and cannot be predicted on the basis of histological appearance. MiR-103 was the best discriminator for comparisons of normal pancreas and endocrine tumours. The expression of miR-107 and the significant upregulation in tumours versus controls of miR-23a, miR-26b, miR-192 and miR-342 was also reported. Among the downregulated miRNAs in PanNET, northern blot of miR-155 showed the lack of detectable expression of this miRNA in endocrine tumours. 17 Moreover, also PanNET, as PDAC, showed upregulation of miR-21, and this is associated with high Ki67 proliferation index and the presence of liver metastasis. 17 Matthaei and colleagues, in a study performed on five PanNETs, identified nine miRNAs (miR-18a, miR-24, miR-30a, miR-92a, miR-99b, miR-106b, miR-142, miR-342 and miR-532) that are able to discriminate PanNET cystic form from other pancreatic cystic lesions. 28 
MIRNA DEREGULATED IN CYSTIC LESIONS
Cystic tumours of the pancreas are a group of diseases with variable malignant potential and are often either benign or lowgrade indolent neoplasia (eg, pseudocysts). However, those that are mucinous (IPMN and MCN) constitute an important category with malignant potential. 88 Benign lesions have very little chance of malignant transformation and rarely require resection, but unfortunately they could be difficult to sample to ensure their diagnosis. Given the morbidity associated with pancreatectomy, proper selection of patients for surgery should extend beyond size and morphology criteria, thus using assays for molecular markers as miRNAs (table 5) .
Farrell et al 30 showed that miR-21 expression progressively increased from its lowest values in benign cyst fluid to its highest values in malignant cyst fluid. Premalignant cyst fluid contained an intermediate amount of miR-21, and its expression was significantly different between benign cyst fluid and premalignant cyst fluid. The authors observed that, other than miR-21, also miR-221 expression was significantly higher in malignant cyst fluid compared with benign or premalignant fluid, even if miR-221 levels were not significantly different between benign and premalignant fluid samples. This evidence led them to conclude that miR-21 and miR-221 may be useful markers of advanced disease. 30 A possible correlation of miR-21 with the progression from benign lesions to invasive IPMNs was hypothesised also by Caponi and colleagues. In fact, significant differences in miR-21 expression in normal versus non-invasive IPMNs versus invasive IPMNs were observed. 40 Moreover, strong interaction of miR-21 values and clinical outcome was demonstrated: patients with high miR-21 expression in invasive IPMNs had a significantly shorter median compared with patients with miR-21 expression lower than the median value. 40 In this study, also miR-155 expression was observed as significantly upregulated between normal, non-invasive and invasive IPMNs. 40 Ryu and colleagues analysed pancreatic cyst fluid specimens in a series of 40 patients and identified a significantly higher relative fold expression of three miRNAs (miR-21, miR-221 and miR-17-3p) in the mucinous precursor lesions versus the non-mucinous cysts. According to receiver-operating characteristic curves, miR-21 had the best performance criteria, as a median specificity of 76% at a sensitivity of 80% in differentiating mucinous versus non-mucinous lesions. 29 In a paper by Matthaei et al, 28 the authors identified 26 and 37 candidate miRNAs that distinguish low-grade from highgrade IPMNs using FFPE and cyst fluid specimens, respectively. A subset of 18 miRNAs, selected from FFPE and cyst fluid data, separated high-grade IPMNs from low-grade IPMNs, serous cystadenomas and uncommon cysts, such as solid pseudopapillary neoplasms and cystic PanNETs. As in a previous study, also in this paper miR-21 was upregulated in IPMNs compared with benign lesions (eg, serous cystadenomas). 28 In a study performed on cryostat embedded sections, miR-21 and miR-155 had the highest relative fold expression levels in IPMNs versus non-neoplastic pancreas 43 and the authors observed that both miRNAs (miR-21 and miR-155) were frequently upregulated within the neoplastic epithelium of IPMNs. In this study, also other eight miRNAs (miR-107, miR-223, miR-181c, miR-181a, miR-221, miR-210, miR-16 and miR-100) were significantly upregulated in IPMN if compared with non-neoplastic pancreas. 43 In a paper by Lubezky et al, 47 the expression values of miR-21 and miR-155 in disease tissues compared with that of 'healthy' tissues were significantly higher both in benign lesions (eg, low-grade IPMN) and in malignant ones (eg, high-grade IPMN and invasive carcinoma arising in IPMN). Moreover, they observed that expression of these miRNAs was higher in malignant than in benign lesions. 47 Lee and colleagues tried to investigate whether differences in miRNAs expression were appreciable between non-malignant pancreatic cystic neoplasms and PDAC. They observed that miR-31-5p, miR-483-5p, miR-99a-5p and miR-375 allowed them to distinguish serous cystadenoma from all mucinous cystic lesions (MCN, branch duct-IPMN and main duct-IPMN) and PDAC with 90% sensitivity and 100% specificity. 46 MCN were accurately differentiated (sensitivity and specificity of 100% and 100%, respectively) from serous cystadenoma, IPMN and PDAC if miR-10b-5p, miR-202-3p, miR-210 and miR-375 were analysed. In this study, two panels were set-up to distinguish MCN from BD-IPMN (miR-192-5p, miR-202-3p, miR-337-5p and miR-130-3p) and to distinguish PDAC from IPMN (miR-21-5p, miR-485-3p, miR-708-5p and miR-375). 46 In a study by Permuth and colleagues, 13 of 35 investigated miRNAs (miR-100, miR-99b, miR-99a, miR-342-3p, miR-126,  miR-888, miR-130a, let-7c, miR-150, miR-296, miR-199a , miR-199a-3p and miR-302a) were significantly deregulated between high-risk IPMN (HR-IPMN) and low-risk IPMN  (LR-IPMN) . 51 In particular, six miRNAs (miR-100, miR-99b, miR-99a, miR-342-3p, miR-126 and miR-130a) were downregulated in most HR-IPMNs versus LR-IPMNs, suggesting that low or reduced levels of these miRNAs (and possibly increased levels of target genes they regulate) may be associated with progression to invasion. Among these six miRNAs, downregulation of miR-130a was most strongly associated with HR-IPMN status. 51 
MIRNA IN EARLY DETECTION OF PANCREATIC LESIONS
Distinguishing between pancreatic adenocarcinoma and nonneoplastic pancreatic diseases (eg, CP) may be very difficult using only imaging technique. For this reason, it is of fundamental importance to identify accurate markers for early detection of PC. CA19-9 is widely adopted, but its use is limited to monitoring responses to therapy, not as a diagnostic marker, because false-positive results are common among patients with benign pancreatic biliary disorders. 1 89 Improved circulating markers of pancreatic lesions could facilitate the early detection of PC and miRNAs could represent promising candidates (table 6).
As described in the section 'Pancreatic ductal adenocarcinoma', upregulation of miR-21 13 In a study by Ali et al performed on plasma of 76 patients, the expression levels of miR-21 were increased to more than 10 folds in patients with PC if compared to miRNA levels from controls, while the values of tumour suppressor miRNAs (eg, let-7 family or miR-146a) were significantly reduced in most PC samples. According to the authors, higher expression of miR-21 could be used as a prognostic biomarker for worse survival of patients with PC. 69 MiR-21 and miR-155 were observed upregulated (miR-21: 2-fold to 20-fold; miR-155: 2-fold to 40-fold) in plasma of cancer samples in a study investigating 49 cancer samples and 36 control specimens. 77 The combined analysis of miR-21 and miR-155 with other two miRNAs (miR-210 and miR-196) could help in discriminating patients with PDAC from normal healthy individuals (sensitivity and specificity of 64% and 89%, respectively). 77 As reported in the section 'miRNA deregulated in solid lesions', miR-21, miR-155 and miR-196a were found to be upregulated in pancreatic lesions also in a study by Kong et al, 78 and according to them, the upregulation of miR-21 could differentiate PDAC from CP and healthy individuals.
Nevertheless, miR-21 has been detected deregulated in several papers, and 69 78 93 one study performed in plasma, pancreatic juice and bile aspirates for 10 miRNAs (miR-10b, miR-21, miR-30c, miR-106b, miR-132, miR-155, miR-181a, miR-181b, miR-196a and miR-212) revealed that miR-21 is not deregulated in PDAC towards CP and health controls. For this reason, the authors assert that, nevertheless, miR-21 is important in PDAC, and it did not serve as a good plasma, bile or pancreatic juice biomarker. 61 Interestingly, in this paper, miR-155 had an excellent accuracy in distinguishing PDAC from CP subjects. 61 Another paper has not observed upregulation of miR-21 in patients with PC: 53 in the analysis performed on 138 patients with PC, 107 patients with CP and 68 normal controls, the expression levels of miR-21 were not significantly different in patients with PC if compared with CP and normal groups. 53 Intriguingly also in this case, as in the study by Cote and colleagues, miR-155 was upregulated in patients with PC. 53 On the contrary, the analysis of pancreatic juice samples obtained from patients with PDAC revealed that expression levels of both miR-21 and miR-155 were significantly higher in patients with PDAC as compared to CP and normal pancreas. 53 Using gold nanoprism-based plasmonic biosensor, Joshi and colleagues observed that miR-21 concentration in extracted samples was at least twofold lower than in the pure plasma samples. According to the authors, this is due to loss of miRNAs during the RNA extraction process, which requires multiple steps for RNA purification. Therefore, according to them, the most widely used qRT-PCR method to determine the concentration of miRNAs in patients may not accurately represent the actual concentration of miRNAs in analysed specimens. 94 As described in tables 2-4, miR-21 and miR-155 were not the only miRNAs to be upregulated in PDAC specimens. MiR-210 is another miRNA frequently found upregulated in PDAC 12 50 or in IPMN. 43 Circulating miR-210 was found to be significantly elevated in patients with PC if compared with normal controls and may serve as a reliable blood-based biomarker. 70 No direct correlation between circulating miR-210 levels and CA19-9 was feasible to determine the statistical contribution of miR-210 in addition to CA19-9 for the detection of malignancy of the lesions. 70 High level of miR-210 (elevated by 2-fold to-28 fold) has been observed in plasma of patients with PC in the study by Wang and colleagues. 77 In 2014, it was observed that the combination of CA19-9 with 4 miRNAs upregulated in PDAC (miR-205, miR-210, miR-492 and miR-1247) had a sensitivity of 91% and a specificity of 100% in distinguishing PC samples from control subjects. 62 Elevated levels of all four miRNAs were associated with shorter OS. Moreover, subjects with low levels of both miR-205 and miR-210 appeared less likely to have lymph node metastasis than patients with high levels of both miRNAs. 100 and colorectal cancer (CRC). 101 Kawaguchi et al evaluated miR-221 and miR-375 expression in plasma of 47 pancreatic patients compared with 30 healthy volunteers. The plasma concentration of miR-221 in patients with PC was significantly higher than in normal subjects. On the contrary, plasma concentrations of miR-375 were lower in patients with PC than in controls. 71 MiR-221 concentrations in patients with PC was significantly higher also if compared with levels in subjects with pancreatic benign lesions (eg, IPMN, serous cystadenoma and pancreatitis). Otherwise, no differences were observed between miR-221 levels in pancreatic benign lesions and those in healthy volunteers. 71 Moreover, the authors found plasma miR-221 concentrations to be significantly reduced in postoperative samples if compared with paired preoperative (almost 1 month after surgery) plasma samples patients with PC who underwent curative pancreatectomy, suggesting that expression levels of plasma miR-221 may reflect tumour dynamics in subjects with PC. 71 As observed for miR-21, some studies do not report upregulation of miR-221 in plasma of subjects with PC. In fact, miR-221 was not observed deregulated in plasma of patients with PC if compared with levels in healthy subjects in a study by LaConti. 79 However, in this study the authors observed that miR-221 was upregulated in plasma of patients with PC compared with levels observed in plasma of patients with CRC. 79 Several other miRNAs were observed deregulated in plasma of patients with PC compared with normal control subjects. In the aforementioned paper by LaConti, miR-100a and miR-10 were significantly increased in patients with PC compared with non-cancer controls. 79 MiR-10b levels were observed higher in patients with PDAC in plasma from six patients towards six normal control subjects using gold nanoprism-based plasmonic biosensor. 94 Li and colleagues measured miR-200a and miR-200b concentrations in 45 patients with PC and 32 healthy controls. 80 Both miRNAs were significantly elevated in sera of patients with PC compared with healthy controls. No significant differences were observed in expression levels of miR-200a and miR-200b in the serum of patients with PC if compared with that of patients with CP. 80 Concentration of miR-18a was significantly higher in the plasma from patients with cancer compared with that in normal volunteers. 76 Moreover, the concentration of miR-18a was found to be significantly reduced in the postoperative samples if analysed in paired preoperative and postoperative plasma samples obtained from patients with PC who underwent curative pancreatectomy. 76 According to Liu et al, 73 only miR-16 and miR-196a have an independent role in discriminating PC from normal and CP in plasma of 138 and 107 patients, respectively. After including serum CA19-9 in the logistic model, the combination of miR-16, miR-196a and CA19-9 was more effective for discriminating PC from non-PC and for discriminating PC from CP. 73 Moreover, according to a study by Kong and colleagues, serum miR-196a expression level in the unresectable PDAC (stages III and IV) was significantly higher than that in the resectable group (stages I and II), indicating that miR-196a could be a useful biomarker for differentiating resectable from unresectable PDAC. High expression of miR-196a has been also correlated with a worse prognosis. 78 In a cohort of 292 circulating PBMC samples, Wang and colleagues found miR-27a-3p, miR-16-5p and miR-15-5p to be upregulated in patients with PC. Furthermore, according to this study, miR-27a-3p could discriminate patients with PC from healthy controls and, together with CA19-9, allows us to distinguish PC from benign pancreatic disease. 68 Identifying a single miRNA (or few miRNAs) able to distinguish between malignant (PC) and benign disease or normal subject could be a big issue. For this reason, identifying a panel of circulating altered miRNAs could be very useful in the analysis of malignant pancreatic lesion.
In the aforementioned study by Ali et al, 69 performed on plasma of 76 patients, miRNA expression profiling revealed 91 miRNAs differentially expressed (54 upregulated and 37 downregulated) between patients with PC and those chosen as controls. Cote et al found that five miRNAs (miR-10b, miR-30c, miR-106b, miR-155 and miR-212) in plasma and bile provided very good accuracy (area under the curve >0.90) for distinguishing patients with PDAC from controls. In addition, each miRNA had good accuracy in distinguishing PDAC from subjects with CP. In bile, all these miRNAs had a sensitivity of 96% and a specificity from 98% to 100%. In plasma, the sensitivity ranged from 73% (miR-30c) to 100% (miR-106b) and specificity from 83% (miR-212) to 100% (miR-10b and miR-155). 61 A genome-wide miRNAs expression profiling of serum showed that patients with PC had 44 upregulated miRNAs and 19 downregulated miRNAs compared with controls. 74 The qRT-PCR validation assay allowed us to identify a panel of seven miRNAs (miR-20a, miR-21, miR-24, miR-25, miR-99a, miR-185 and miR-191) that were significantly altered in patients with PC compared with control samples. 74 In a complete miRNA signature of 116 blood samples (45 from patients with PDAC, 38 from CP and 33 from healthy individuals), 87 miRNAs differentiated between patients with ductal adenocarcinoma and healthy individuals, and 18 miRNAs were different between CP and healthy individuals. 21 However, there was not a single miRNA in blood that allowed us to distinguish between the two diseases even if there were 100 miRNAs found in the tissue samples that permitted a separation of patients with PDAC from those with chronic. 21 A multivariable analysis in 435 cases suspected for PC with 312 healthy participants demonstrated that 38 miRNAs had the potential to separate patients with PC from healthy participants and patients with CP. This study identified two miRNA panels in whole blood that had the ability to distinguish, to a certain degree, patients with PC from healthy younger controls. 54 
CONCLUSIONS
Identifying patients with malignant pancreatic mass could be very useful in the management of patients with pancreatic lesions. The identification of circulating markers represents a non-invasive approach and miRNAs are very promising biological markers. However, it is clear that a panel of miRNAs need to be used for having high sensitive and specific results: in fact, miRNAs may show the same deregulation pattern in different tumours. For example, miR-21 [90] [91] [92] and miR-221 [99] [100] [101] upregulation observed in plasma of subject with PCs has been also observed in patients with gastric carcinoma, hepatocellular carcinoma, prostate cancer, melanoma, hepatocellular carcinoma or CRC. Even if it is possible to hypothesise a miRNA panel distinguishing PDAC from normal pancreas (eg, the one by Ma et al 84 or the one reported in the present paper), it should be considered that the more clinical relevant issues is to differentiate PDAC, or early malignant lesions, not only from normal pancreas but also from benign lesions, as previously highlighted by Frampton et al. 85 Moreover, one miRNA may show a different level of expression according to studies and specifically two main factors could influence the results: (i) selection of the method and (ii) selection of control groups. According to the authors, the standardisation of these two variables and a high sensitive and specific panel of miRNAs able to distinguish PDAC (or early malignant lesions) not only from normal pancreas but also from benign lesions are fundamental prerequisites before using analysis of miRNAs in clinical practice as molecular markers of PCs or as markers for early detection of pancreatic lesions.
Take home messages
▸ MicroRNAs (MiRNAs) are very promising biological markers for pancreatic cancer. ▸ MiRNAs may show a different level of expression according to method and control group. ▸ Standardisation of experimental variables is crucial in miRNA analysis. ▸ A panel of miRNAs needs to be used for having high sensitive and specific results. ▸ A standardised panel of sensitive and specific miRNAs should be enforced.
